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1. Introduction
One of Rel-16 WI [1] for further enhancement to NB-IoT is to specify further improvements for UL transmission efficiency and/or energy consumption with following as the scope.

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance [RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes

Agreements made for this objective in RAN1, are listed in section 5.

In this contribution we further discuss the support for UL transmissions using preconfigured resources.

2. Introduction
At RAN1#94bis, it was agreed that for dedicated PUR in idle mode, the UE may skip UL transmissions.  However, the mechanisms to release resources and enable/disable skipping by the eNB were then still FFS.   In parallel, RAN2#104 created a FFS item to decide the need for a one-shot D-PUR.   In addition, RAN2 also has an email discussion to conclude this mechanism as well as many control related issues.
Release Mechanism and support of One-Shot PUR

As per the RAN2 comments to the email discussion on this topic, there are multiple solutions to the design of the release mechanism, some which could co-exist, that can include the option for supporting one-shot D-PUR if ever required.   For example, 
· D-PUR messages could include a keep alive bit, which the UE can use to inform the eNB if it needs further D-PUR resources.  
Alternatively, 
· D-PUR messages could be configured with a maximum number of skipped/missed PUR opportunities, with a setting allowing the maximum number of opportunities to be 1.
Observation1:   
There exist alternative mechanisms to enable both D-PUR skipping and release that can also be configured to support one-shot D-PUR.
Observation2:
Discussion of the release mechanism is now in RAN2.

Support for CFS PUR
At RAN1#94bis it was decided that simulations would be used to evaluate the value of CFS PUR for MTC.  
We believe that some form of CFS PUR for NB-IoT should be supported because:

· For some applications/devices with non-deterministic UL traffic, some form of CFS PUR is expected to use the available air interface resources more efficiently compared to pre-existing techniques whilst also lowering UE power consumption.  

· At least for initial configuration process, most of the D-PUR procedures can be retained. 
· At the simplest level, the network need only a UE-specific DMRS sequence.  

Proposal 1:  CFS PUR is supported. 
Proposal 2:  The CFS PUR configuration procedure is based on the D-PUR procedure.
Search Space and DCI Characteristics for D-PUR and CFS-PUR

For all types of PUR, some form of search space will be required by the UE to receive ACK/NACKs and possibly additional PUR control related information (PUR session reconfiguration/release/power control etc).  
From the last RAN1#95 meeting there is an outstanding FFS regarding the search space:

For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space

· FFS: Details on the search space (for example USS, CSS)
Of the currently defined search spaces, even for UE-specific dedicated PUR, given the desire to minimise power consumption, a CSS search space is preferred since it supports fewer decoding candidates.  Since the PUR procedure is likely to resemble a RACH/EDT style transmission but without messages 1 and 2, it is recommended that the PUR search space be based on the existing type-2 CSS.
Proposal 3:   The PUR search space is based on the type-2 CSS.

As per the previous MTC PUR discussions, it has been agreed that an explicit ACK is supported.
For dedicated PUR in idle mode, upon successful decoding by eNB of a PUR transmission, the UE can expect an explicit ACK 

FFS: if ACK is sent on MPDCCH (layer 1) and/or PDSCH (layer 2/3)
Include in LS to RAN2, RAN4.

Assuming this MTC agreement also extends to NB-IoT, then subject to detailed DCI design and signalling, from a UE power consumption perspective, we prefer if the ACK is supported at layer 1.  For normal operation, using the layer 1 MPDCCH to indicate ACK should be sufficient and will more power efficient for the UE.
Proposal 4:   The Dedicated PUR ACK is sent on MPDCCH at layer 1.
As well as supplying the ACK, the D-PUR DCI can also support updates to improve the TA, UE Tx Power and repetition levels.  In addition, to enable fast network-initiated control of PUR session, for example to release or reconfigure the PUR resources, we believe it would be beneficial to the network and more efficient than paging, to support 1-2 bits to indicate to indicate major network initiated PUR configuration changes:
· PUR resources (time and frequencies) need to be modified or released, establish an RRC connection

Proposal 5:   The DCI carrying the D-PUR ACK shall include at least the following

· Ack indication

· Updated timing advance
· Updated UE TX Power

· Updated repetition
· Network initiated PUR configuration change

Assuming CFS PUR is adopted, then to allow a number of UEs to be ACKed or NACKed at the same time using 1 DCI alone, is not realistic given the optimal DCI size.  Instead for CFS PUR, it is proposed that a DCI with a common RNTI is shared by all the UEs, which directs these UEs to a PDSCH for ACK/NACK information.
Option 1:
Partitioning of DCI candidates within the same CSS

· When the UE is being assigned resources for PUR, e.g. time/frequency/code resources, it is also assigned a UE-PUR specific RNTI to monitor for HARQ feedback along with a specific CSS candidate offset.  

· This RNTI can be re-used by other UEs assessing different PUR configurations not using the same CSS.

· Within a CSS, partitioning of DCI candidates, could allow multiple DCIs with different RNTIs to be sent for different UEs.

· For example, one CSS support 16 transmissions of one candidate at repetition level R8.  These 16 transmissions could be split into say, 4 subsets of 4 transmissions, each of which could be used for different RNTIs.

Option 2:
Single shared RNTI DCI pointing to PDSCH containing mux

· This RNTI is used by other UEs assessing PUR configurations using the same time-frequency allocations.

· Code or other techniques maybe being used to support UE differentiation of the PUR transmissions using the same time-frequency allocations.

· Like RACH or Paging, this single DCI points to a NPDSCH message containing multiple ACKs/NACKs for UEs sharing that CFS PUR time-frequency allocation.

· This PDSCH message could also indicate what a specific UE should do in the event of a NACK:

· Wait till the next PUR transmission to send a retransmission.

· Fall back to EDT

· Re-establish a RRC connection via RACH

Of the options described above, if the maximum number of UEs that can share the same PUR region is not too large, then we prefer using UE specific pre-configured RNTI DCIs that share a partitioned CSS space, because this should:

· reduce UE power consumption compared to the alternative shared RNTI pointing to a NPDSCH

· allows reuse of the D-PUR DCI design between the D-PUR and CFS-PUR
Proposal 6:
For CFS PUR, DCI candidates are partitioned within a CSS, so each UE can be ACK/NACKed individually via UE specific pre-configured RNTI DCI at Layer 1.

Multiple Transport Blocks
As per the RAN1#94bis discussions, there is an outstanding FFS regarding the support of multiple-transport blocks.
If multi-TB grant is not enabled, a dedicated PUR allocation is associated to only a single TB and single HARQ process 

· FFS: if multi-TB grant is enabled/supported
In our view, a network configurable option should be available to enable the support of multi-TB supported by multiple HARQ processes.  Being able to support multiple TB with larger overall data capacities, would in our minds be beneficial for the following reasons:

· The time between when devices needed to wake up to upload data using PUR opportunities could be lengthened, thereby reducing UE power consumption.

· Supporting multiple TB grants, opens PUR to a wider range of applications than EDT.
Proposal 7:   The network can configure PUR to support multiple-TB grants.
Timing Alignment

At the RAN1#94bis meeting the need for 2 further TA attributes was still under discussion:
For further study:

TA validation attributes:

· Subscription based UE differentiation (or Stationary indication in held in subscription)
· Cell specific indication where TA is valid within that cell

When configuring the PUR, knowing whether the UE is essentially stationary or not, will help the network select a longer TA validity timer for the UE, which in turn should save that UE power waking up just to update its’ timing alignment.
Proposal 8:   Subscription based UE differentiation can be used to support initial TA validity timer configuration
In smaller cells, it is argued that PUR could be maintained for moving UEs in cells with small radii without the need for TA updates, due to the CP alone providing sufficient timing tolerance.  Whilst in theory, this may be true, we are concerned that supporting this as a TA validation attribute may be of limited value, given that it only benefits UEs that move within the cell.  In practice, we would expect such UEs to also be moving across the cell boundary, necessitating some form of serving cell change.
Observation 3:   Support of a cell-radius based TA validation attribute for UEs moving within “small” cells, is unlikely to be beneficial in real world deployments, since such UEs are just as likely to be moving across cell boundaries.
Before the UE’s TA validity is about to expire, there are multiple options which could be developed for those UEs which wish to maintain its’ PUR configuration.  These options include.
· OPTION 1:    Use the last PUR with a valid TA, to update TA even if there no data to send

· A key assumption of the ACK process for the PUR is that it includes a TA update.

· Even if the UE doesn’t have data to send in the next PUR opportunity, provided that PUR opportunity still falls within the TA validity timer, the UE could use it to update the UE TA but potentially with dummy data or L1 signalling in the MAC, to indicate this PUR is being used to update the TA.
· This method has the advantage of allowing the PUR configuration to be maintained unchanged and adds minimal specification overhead.

· OPTION 2:     UE falls back to legacy RACH/EDT 

· If TA validity timer has expired, then the UE can fall back to legacy RACH/EDT to update TA.   

· If the eNB is aware of the UE TA validity timer, then the UE must attempt this TA update before it expires, otherwise the eNB can release those PUR resources.
· OPTION 3:     UE uses a new streamlined RACH procedure to update the TA 

· Such a process will require some significant new specification.
Of the above options, option 3 seems unnecessary, if options 1 and 2 can be relatively easily be specified.
Proposal 9:    A PUR opportunity can be used by the UE to update its’ TA even if it has no data to send.

Proposal 10:    A UE can fallback to legacy RACH/EDT to update its’ TA.
3. Conclusion

In this contribution we have further discussed the support for UL transmissions using preconfigured resources and have the following observations and proposals.
Observation1:   
There exist alternative mechanisms to enable both D-PUR skipping and release that can also be configured to support one-shot D-PUR.

Observation2:
Discussion of the release mechanism is now in RAN2.
Observation 3:   
Support of a cell-radius based TA validation attribute for UEs moving within “small” cells, is unlikely to be beneficial in real world deployments, since such UEs are just as likely to be moving across cell boundaries.
Proposal 1:  CFS PUR is supported. 

Proposal 2:  The CFS PUR configuration procedure is based on the D-PUR procedure.
Proposal 3:   The PUR search space is based on the type-2 CSS.

Proposal 4:   The Dedicated PUR ACK is sent on MPDCCH at layer 1.
Proposal 5:   The DCI carrying the D-PUR ACK shall include at least the following

· Ack indication

· Updated timing advance

· Updated UE TX Power

· Updated repetition

· Network initiated PUR configuration change
Proposal 6:
For CFS PUR, DCI candidates are partitioned within a CSS, so each UE can be ACK/NACKed individually via UE specific pre-configured RNTI DCI at Layer 1.

Proposal 7:   The network can configure PUR to support multiple-TB grants.

Proposal 8:   Subscription based UE differentiation can be used to support initial TA validity timer configuration
Proposal 9:    A PUR opportunity can be used by the UE to update its’ TA even if it has no data to send.

Proposal 10:    A UE can fallback to legacy RACH/EDT to update its’ TA.
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5.  Appendix A:  Previous Agreements

From RAN1 Meeting #94:

Agreement

Idle mode based pre-configured UL resources is supported for UEs in possession of a valid TA

· FFS: Validation mechanism for TA

· FFS: How the pre-configured UL resources is acquired

Agreement

For transmission in preconfigured UL resources, the UE may use the latest TA of which its validity can be confirmed

Agreement 

Study both shared and dedicated resource for preconfigured UL resources. If both shared and dedicated resources are supported, strive for commonality in design of both resource types.

Agreement

HARQ procedures for transmission in preconfigured UL resources should be studied and the following aspects should be considered: 

· Whether to support HARQ;

· If supported, details of HARQ design including the number of HARQ processes;

· Whether ACK/NACK is necessary

Fallback mechanisms should be considered, e.g. fallback to legacy RACH/EDT procedures.

From RAN1 Meeting #94bis:

Agreement

In idle mode, the UE will at least consider one or more of the following attributes when validating TA (combination of multiple attributes is allowed):

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell RSRP changes (serving cell refers the cell that the UE is camping on)

· FFS Other attributes: 

· Neighbour cell RSRP change

· TDOA of >=2 eNBs 

· TA History

· Subscription based UE differentiation

· Others not precluded (for example, attributes that need to be considered for high mobility UEs)

Note that UE power consumption should be taken into account for the FFS attributes

Agreement

For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria

Agreement

Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported.
Agreement

The resource configuration includes at least the following 

· Time domain resources including periodicity(s) 

· Frequency domain resources

· TBS(s)/MCS(s)

Agreement 

For UL transmission in preconfigured resource, fallback mechanism to RACH/EDT procedures is supported.

Agreement

Dedicated preconfigured UL resource is defined as an NPUSCH resource used by a single UE 

· NPUSCH resource is time-frequency resource

· Dedicated PUR is contention-free 

Contention-free shared preconfigured UL resource (CFS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE

· NPUSCH resource is at least time-frequency resource

· CFS PUR is contention-free 

Contention-based shared preconfigured UL resource (CBS PUR) is defined as an NPUSCH resource simultaneously used by more than one UE

· NPUSCH resource is at least time-frequency resource

· CBS PUR is contention-based (CBS PUR may require contention resolution)

Agreement 

In IDLE mode, HARQ is supported for transmission in dedicated PUR

· A single HARQ process is supported, 

· FFS whether more than one HARQ processes are supported

· FFS: The design of the corresponding NPDCCH search space

Agreement

In idle mode, dedicated PUR is supported.

· Support for CFS PUR is FFS.

· Support for CBS PUR is FFS.

From RAN1 Meeting #95:
Agreement 

In idle mode, at least the following TA validation attributes are supported:

· Serving cell changes (serving cell refers the cell that the UE is camping on)

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes (serving cell refers the cell that the UE is camping on)

· Based on NRSRP measurement definition in existing Rel-15 TS36.214

Send LS to RAN2, RAN4 to consider in their work. All the agreements with ‘include in LS to RAN2, RAN4’ for NB-IoT and eMTC should be captured in this LS.

Agreement

The UE can be configured to use at least these TA validation attributes:

· Time Alignment Timer for idle mode 

· Serving cell NRSRP changes 

· Note: the configuration shall support disabling of the TA validation attributes

Include in LS to RAN2, RAN4.
For further study:

TA validation attributes:

· Subscription based UE differentiation (or Stationary indication in held in subscription)

· Cell specific indication where TA is valid within that cell

Agreement

Include in LS to RAN2, RAN4:
RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode. 

Agreement

For dedicated PUR in idle mode, the UE may skip UL transmissions.

· FFS: Resource release mechanism

· FFS: Whether or not to support mechanism to disable skipping by eNB

Agreement

In idle mode, only one HARQ process is supported for dedicated PUR

Agreement

For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in search space

· FFS: Details on the search space (for example USS, CSS)

